In this study, to our surprise, under usual electrophoresis and by ethidium bromide staining, only one (approximately 21S) single band of ribosomal RNA was detected in the profiles of total RNAs of tapeworm Spirometra erinaceiuropaei, whereas, in the control tissues e.g. mouse liver, spleen and nematode Anisakis simplex, there were indeed two major rRNA bands (Fig. 1A) . When increasing the RNA amount of SEP total RNAs for electrophoresis, the pattern of the bands remained essentially unchanged (Fig. 1B) . It is worth pointing out that these results did not vary with RNA isolation methods, and that the rRNAs isolated directly from ribosomes of these animals displayed similar electrophoresis profile (data not shown). To further investigate this phenomenon, we examined the RNA electrophoresis profiles of the related intermediated animals. As a result, similar rRNA electrophoresis patterns were obtained in tapeworm Diphyllobothrium hottai (D. hottai), Diphyllobothrium Nipponkaiizeme (D.
Nipponkaiizeme) and flatworm Paragonimus westermani (P. westermani) (Fig. 1C) . This, at least, suggests the relative generality of the characteristic rRNA components in tapeworms and flukes. To characterize the components of the single rRNA band, the cDNA probes for both 18S and 28S rRNAs were cloned from the plerocercoids of S. erinaceiuropaei. Northern blot analysis shows that the single band hybridized with both Spirometra erinaceiuropaei plerocercoid (SEP, larva of the worm) 18S and 28S cDNA probes, and also cross-hybridized with rat 18S rRNA probe (Fig. 1A, lower panels) . A very faint longer band at the usual 28S rRNA position was found in Paragonimus westermani, and the rRNAs in the shorter band are much more numerous than those in the faint longer one (Fig. 1C) . To further clarify the components of the single band in the SEP RNA, the running distance of electrophoresis was extremely (3-4 times of the usual) extended. Consequently, the single band in S. erinaceiuropaei was shown to be composed of three sub-bands with very similar sizes ( Fig. 2A) . And the bands in fluke Paragonimus westermani and liver tissue remained unchanged ( Fig. 2A) . In addition, Northern blotting shows that the upper and lower bands hybridized with 28S rRNA, and the middle band specifically hybridized only with 18S rRNA (Fig. 2B) . These results show that the tested flatworms have basic rRNA components to the results reported to date in prokaryotic and eukaryotic cells [1] [2] [3] . Here, for the application of various controls, it is impossible that these results reflect differential stabilities of 28S and 18S rRNA gene transcripts during the processes of RNA isolation, electrophoresis, and/or Northern blotting. Therefore, the current concept of the 1 to 1 ratio (18S to 28S) of small to large subunit cannot explain the phenomenon existing in the flatworms tested. These data suggest that, other than mammals and bacteria, there likely still be unknown type of ribosomes in flatworms. To test this hypothesis, the ribosomes isolated from SEP and control mouse liver tissues by ultracentrifugation were subjected to high resolution electron microscopy. As a result, the ribosome from liver consist of one small subunit and one large subunit (Fig. 3A) , whereas the ribosomes from SEP are either composed of one large ball or two similar size balls (Fig. 3B ).
In the present study, we present several lines of direct evidence for the structurally distinct ribosomes in flatworm. First, in the examined SEP, three similar size rRNAs (18-21S) were observed-one 18S and two 28S bands; and in Paragonimus westermani, only two bands were observed-but the rRNAs in 18S band is much more numerous than that in the 28S band ( Fig. 1B and rRNA probe has been described elsewhere 12, 13 . For RNA isolation and Northern blot analysis 14, 15 , ICR mice were obtained from Shimizu Experimental Animal Inc. (Shizuoka Prefecture, Japan). Anisakis simplex and Paragonimus westermani were collected from infected fish and dog lungs, respectively.
Prokaryotic free organism bacterium E. coli (strain XL-1 blue), were bought from Promega Inc. (USA), and grown in LB medium. Total RNAs were isolated from the organisms or ribosomes by Isogen kit (Nippon Gene, Kyoto, Japan) by standard method as described [11] [12] [13] 16 , unless specifically indicated.
Electrophoresis was carried out under both denatured and non-denatured conditions. Standard methods were used for Northern blotting 12, 13 . For transmission electron microscopy observation, ribosomes were isolated as described with little modifications 17 . SEP from snakes were homogenized for 10 times in a homogenizing medium (0.25 M sucrose, 25 mM KCl, 5 mM MgCl 2 , 50 mM Tris, pH 7.6) on ice and then centrifuged at 750 g at 4ºC for 10 min. The supernatant was collected and subjected to a further centrifugation at 20,000g at 4ºC for 20 min, resulting in two portions: the supernatant and the pellet. For isolation of ribosomes, the supernatant was layered on top of 2 ml of 0.5 M sucrose cushion over 2.0 M sucrose cushions for ultracentrifugation as described above. After centrifugation in the Bechman ultracentrifuge for 10 hr at 45,000 rpm (120,000 g) at 4°C, with the brake on for maximum deceleration rate, the supernatant on top of the translucent pellet of ribosomes was removed. The pellet was quickly rinsed twice with distilled water. The ribosome pellet was resuspended in a proper amount of TBS containing 25 mM KCl, 5 mM MgCl 2 , and 50 mM Tris-HCl, pH 7.6 (KMT) buffer. As control, fresh liver tissues taken from the 16-hour-fastened mice underwent the same procedure as SEP. For transmission electron microscopy examination, ribosomes were treated and observed essentially as Electron microscopy examination of ribosomes. Plerocercoid ribosomes were isolated as described 17 , treated by shadowing, and observed under transmission electron microscopy essentially as described 7 . Briefly, ultracentrifugation-purified ribosomes (1 mg/ml) were polymerized on electron 
